Abstract-This paper presents the preliminary findings of the active prosthetic hand designed concept for the Universiti Putra Malaysia. The development process is clearly stated in order to successfully designing the hand prosthesis. The classification of the level of amputation and current standard of hand prosthesis are also included in the design process. The design targets for lower-level upper-limb amputees and will be based on electromyography controlled (transhumeral amputation).
INTRODUCTION
Prostheses are the artificial replacement for missing human limbs. Thus, practically hand prosthesis could be defined as an artificial hand that replaces a missing part of the human hand. Normally, the missing part of human hand is cause either by congenital absence (birth defect) or amputation. Basically, hand prosthesis could be grouped into three categories such as cosmetic hand (passive prostheses), a body powered hand, and active prosthetic hand (eg: driven by DC motor) [1] .
The classification number of the human hand has been conducted and the degree-of-freedom (D.O.F) of the human hand is conventionally defined as 23 that are provided by 17 joints [2] . Currently, there are no prosthetic designs which have fully reached the exact functional features of the human hand due to the complexity nature of the mechanical properties [3] and even nowadays, the restriction of open and grasp movement properties still do exist [4] . However, moving on to the bright side, the commercially available prosthetic hand nowadays does have a sufficient amount of human hand functions for the amputee daily activities. Nevertheless, the performances of time response and hand function trade off are still not yet in the satisfying region. A survey conducted by C. Pylatiuk et al. [5] reveals that there are a high level of dissatisfaction with the weight and the grasping speed of most commercially available and research devices prosthetic hand.
Based on the review by Y. Z. Arslan et al. [6] , there are two main problem arise in constructing highly advanced hand prosthetic which are mechanical design to allow sufficient D.O.F and robust controller to organize the complicated mechanical movement. The technical challenge of replicating the human-like (anthropomorphic) movements of a prosthetic hand is to integrate both the software and hardware of the prostheses systematically as well as sufficient response time. The software part is more of concerns in signal feature extraction and control algorithm while the hardware part is in the durability as well as the movement precision.
II. BACKGROUND STUDY

A. Amputation levels
In general, upper extremity amputations are referring to hand amputations whereas lower extremity amputations refer to leg amputations. Figure 1 show the classifications of the hand amputations which basically grouped into seven categories. The levels of amputation are; partial-hand amputations, wrist disarticulation, elbow disarticulation, transradial (below elbow amputations), transhumeral (above elbow amputations), shoulder disarticulation and forequarter [7] . There is a general rule for hand prostheses which is; the longer the remaining limb and the more joints that are kept intact, the easier it is for the amputee to be fit with prostheses. Figure 2 shows the skeleton structure of the human hand. The human hand has a total of 27 bones where 14 of them are digital bones of fingers and thumb. Human's finger practically is divided into two categories which are the thumb and the normal fingers [8] . The normal fingers (except the thumb) consist of three phalanges and one bone; distal phalange (DP), middle phalange (MP), proximal phalange (PP) and metacarpal bone (MB). The phalanges itself do not have specific individual names to differentiate between different fingers where it is represent by relative location from the center of the body. For normal fingers (except the thumb), all these phalanges (proximal, middle and distal) contribute to 1 D.O.F due to rotational movement while metacarpal contributes 2 D.O.F due to adduction-abduction and rotational motions. On the other hand, thumb has different physical structure compared to normal finger that it only contains two phalanges (proximal and distal) and a metacarpal bone but astonishingly have 5 D.O.F [6] . 
B. Anatomy of Human Hand Structure
C. Muscles and tendons
Muscle is the tissue of the human body which principally functions as a source of power for the internal and external movements of human body. In essence, muscles are a set of combination of thousands (relative measurement) of small fibers. There are three different type of muscles; smooth muscle, cardiac muscle, and skeletal muscle.
Tendon is a connective tissue made out of a tough band of fibers that attaches the skeletal muscles to other structure such as bones and insertions. Thus, tendons and muscles always work together to translate force into human body movement. In human hand anatomy, more than fifteen tendons extend from the forearm muscles to hand [6] . Tendons are responsible to pull phalanges and bones in the extension-flexion movement of the hand fingers due to its capability of withstanding tension.
III. PROSTHETIC HAND DESIGN
A. Hand Prosthesis Development Process
The prosthetic hand design is for the lower-level upperlimb amputees (below elbow amputations) since it is the most dominance type of amputees compared to the higher-level upper-limb amputees. A simplified flow chart for designing the prosthetic hand is as shown in figure 3 where the author currently on the second stage of the development process.
B. SEMG (Surface Electromyography) for Signal Extraction
Based on the literature review made previously, clearly indicated that the non surgical technique (SEMG) is most preferable and convenient for the patients/amputees compared to the surgical required technique [9] . The sEMG technique is based on signal recorded by sensor electrodes on the muscles activity. The sensor electrodes are attached firmly to the skin surface on specific muscles area and produces a distinguished classification of movement for prosthetic's control. Typical muscle used for sEMG techniques are the flexor and extensor muscles [10] .
The sEMG signal is strongly influenced by physiological, anatomical and biochemical factors [11] . Thus it requires a signal feature extraction in order to eliminate disturbance and classifying the type of movement intended by the amputees. The number of movement classification has been identified as sufficient for day-to-day work for the amputees. However, it does introduce a non natural control to be learnt by the amputees where retraction and contraction of the muscle produce grasping action of the prosthetic hand [12] . SEMG signals present an interesting solution to control the prostheses because 1) the signals are easy to record; 2) close to natural behaviour operations; and 3) offer a great number of functions [13] .
C. Design specification-Index Finger
It is found that, the crucial first stage of designing the prosthetic hand is actually based on finger design especially replicating the phalange bone functions. The finger mechanism contributes as a major factor in prosthetic hand design where other parts of the design depending and supporting the finger mechanism. This is due to the fact that the design of the finger mechanism directly translates into the capability and limitation of the prosthetic hand. For our design, there are some set of rule need to be set and follow as a guideline. Since the research is in the early stage, the author is trying to reduce the complexity of the design by focusing on phalange bone functions and currently not considering the parameter of muscles and tendons. Muscle and tendon functions actually are substituted by motor and cable respectively but the parameters are yet to be considered. The prosthetic hand design follows the angle measured by Bundhoo et al. [14] to replicate the functionality of the phalange bones. Table 1 shows the specifications of the prosthetic hand set to be followed in the designing process. Table 2 shows the maximum angular rotation for the joints in the index finger. The angle represents the limitation of finger movements based on the amount of degree available. It is desirable to reduce as much as possible the number of actuators to control the movement and motion of the prosthetic hand. Thus, it is reasonable to combine the movement of all the three phalange of a finger into a single motor to realize the grasping function. As previously mentioned; all these three phalanges owing to 1 D.O.F (extension/flexion), which is directly dependent to each other thus omitting the requirement of independent cable for the movement. For metacarpal bone, a universal ball joint is required to realize the 2 D.O.F (adduction/abduction and extension/flexion) movements. Figure 4 showing the concept design of the index finger for the prosthetic hand. Note that the knuckle joint functions as linkage between phalange as well as holder for cable. The knuckle joint also serves as the mechanical limit of angular freedom designed for the prosthetic hand. The cable is used to replicate the tendon functions to translate force into movement. Spring is a device capable of storing mechanical energy and thus by manipulation of this property reduces the requirement of extra actuator. The spring will be used as the retract force to bring back the finger to the initial condition. As could be seen in figure 5 , the moveable joint allows the distal phalange of the prosthetic finger to move forward while the fixed joint functions to hold the tension cable in place. Figure 6 showing the sequence of the forward movement of the distal phalange to realize the grasping movement. As the distal phalange moves forward, the spring becomes compressed due to cable tension. Similarly, when the cable tension began to loosen up, the spring began to pull back to force the distal phalange to go back to the initial condition. Since this project still in the early of stage, the author realizes that the needs of further research in determining the possibility of variable involves in affecting the performance of the finger design. Currently, the author omitting the parameters value of muscles and tendons into design considerations but it is on the main agenda for the next design. The design is based on angular positioning and phalange bone functions.
Another aspect need to be taken account is the motor torque requirement to move the whole structure of the finger as well as overcoming the energy stored in the spring. Apart from the motor torque, the movement speed of the finger structure also depends on the motor rotation per minute (rpm) where the trade off exist between these two. Currently, the best candidate is the dc micro motor with rpm higher than 80 and torque higher than 1 kg-cm is good enough. Servo motor also serves as a good replacement; however the size issue remains a concern.
The spring gives a different kind of issue where a rapid and continuous movement or even due to long time usage contributes to the spring wears off. A feedback sensor needs to be used such as tactile sensor or flexi force sensor to indicate the current position of the finger. A second cable needs to be introduced in order to correct or counter balance the position of the finger structure to extend the durability of the prosthetic finger.
Frequent change of mechanical parts from the prosthetic finger results in difficulties for calibration process. For future design, the usage of spring will be avoided or minimize and has to be compliment with feedback sensor. The number of joint also need to be revised and minimizes. For the purpose of maintenance process, it is advisable the future researcher should consider the design in the modular form which reduces the overall cost and speed up the production process.
V. CONCLUSIONS
The information presented in this paper serves as a compilation and review of our initial design of the prosthetic hand. The initial design of the prosthetic hand is strictly for the functioning purpose to imitate the functionality of the phalange bones. The mechanical behaviour of the prosthetic hand also investigated for the future design consideration. The planned input signal of the prosthetic hand design is based on the sEMG technique due to its non-invasive (non surgical) properties. Moreover, based on the review made; the sEMG is still a relevant method for at least lower-level upper-limb amputees.
